Anaerobic digestion technology is being widely employed for sustainable management of organic wastes generated in animal farms, industries, etc. Nevertheless, biodigester microbiome is still considered a "black box" because it is regulated by different physicochemical and operational factors. In this study, the bacterial diversity and composition in different sites of a full-scale lagoon type biodigester (23,000 m3) fed with dairy manure, viz., the influent, beginning, middle, final and effluent were analyzed. The biodigester registered a total of 1445 OTUs, which demonstrated the complex microbial ecosystem in it. Of them, only six OTUs were shared among all the different sampling points. The most abundant phyla belonged to Firmicutes, Proteobacteria, Latescibacteria and Thermotogae. The Simpson and Shannon index showed that the highest microbial diversity was observed in the beginning point of the biodigester, meanwhile, the lowest diversity was recorded in the middle. Based on the UniFrac distances, microbial communities with high similarity were recorded in the middle and final of the biodigester. It can be clearly observed that bacterial communities varied at the different points of the biodigester. However, based on metagenome predictions using PICRUSt, it was found that independent of the differences in taxonomy and location, bacterial communities maintained similar metabolic functions.
Introduction
Anaerobic digestion (AD) is a complex process in which organic matter is degraded by different microbial communities to produce biogas. This process is applied for the treatment of a wide range of organic wastes from agriculture, livestock, industries and municipalities. In this regard, it should be highlighted that the agriculture sector represents an important source of greenhouse gas emissions (GHGs), contributing to 10-12% of the total global anthropogenic GHG emissions [1] and of which, livestock contributes to 19% of total GHG emissions [2] . Hence, it is important to develop sustainable technologies to minimize GHG emissions and as well to recover energy from these resources, which in general are considered as wastes. AD offers sustainable management of cattle manure coupled with renewable energy production in the form of methane, which can be used to generate heat and electricity since has a calorific value of 21-24 MJ/m 3 [3] . The use of biodigesters for the treatment of animal manures has increased over the past 70 years and is wide-spread around the world. Potential of bioenergy in Mexico by the anaerobic treatment of animal manures has been estimated to be 410. 41 GWh of electricity reducing methane emissions by 2240.64 Gg CO 2 Eq [4] . In Mexico, more than 1000 2 of 13 lagoon-type anaerobic biodigesters have been installed for the treatment of these wastes [5] . These systems are anaerobic ponds with a capacity in the range of 300-30,000 m 3 and are enclosed with an impermeable cover, where manure enters it and follows a horizontal flow through the lagoon until exiting as effluent. This type of biodigester is generally operated on Mexican dairy farms because of its simplicity, low cost and low maintenance requirements; even though, most of these biodigesters are not efficient in methane production since their operation is based on empirical knowledge without considering the microbiome present which plays an essential role in the biodigester performance. Metagenomic studies of microbial communities in biogas digesters have been widely reported [6] [7] [8] . Nevertheless, due to their complexity, these communities have not been yet precisely characterized and this process is still considered a "black box". In addition, the interaction of bacterial populations at different sites of a lagoon type biodigester is not studied yet. Knowledge on microbial community structure and interrelationships is essential to understand their function in organic matter degradation and consequently, the performance of biodigester.
Recently, in Comarca Lagunera anaerobic digesters have been applied as a strategy to treat dairy manure and mitigate the environmental impact of these organic wastes by producing clean energy in the form of methane. In Comarca Lagunera, there are about 300 farms and around 80-100 biodigesters have been installed. But only a fraction out of these biodigesters is working properly. More than 80% of the biodigesters are not working to their potential in biogas production and there are no case studies done which can help us to understand the problems and develop adequate strategies to recover the energy present in these wastes in the form of methane. Hence, it is proposed to evaluate the spatial variations of bacterial populations in a full-scale, good performance, lagoon type biodigester fed with dairy manure and operated in a dairy farm at Comarca Lagunera region of Mexico. Analyses of metagenome functional prediction were performed to obtain a better understanding of the community and their contribution to the functioning of the biodigester working under properly performance operation.
Materials and Methods

Sample Collection
The samples were collected from a dairy manure fed lagoon type biodigester (23,000 m 3 ) located in the Comarca Lagunera region of Mexico in February with an average methane production of 60%. The biodigester is operated under environmental temperature conditions with a retention time of 60 days without any mixing system. Samples from different point of the biodigester such as influent, beginning, middle, final and effluent point (see Figure 1 ) were collected by triplicate in sterile vials, a flexible tube was used to sample at a depth of 5 m from the slurry level at points 2, 3 and 4 (see Figure 1 from the top, then samples were store at −20 • C until further processing. Genomic DNA was extracted using the PowerSoil DNA isolation kit (MO BIO Laboratories, Inc., Carlsbad, CA, USA), quantified by Nanodrop spectrophotometer (model #ND-1000, Thermo Fisher Scientific, Inc., Whaltham, MA, USA) and was visualized by using agarose (0.8%) gel electrophoresis. 
Microbial Community Composition by 454 Pyrosequencing
The V4 region of the 16S rRNA gene of bacteria was employed for sequencing. One forward (5′-AYTGGGYDTAAAGNG-3′) and three reverse primers (5′-TACNVGGGTATCTAATCC-3′, 5′- 
The V4 region of the 16S rRNA gene of bacteria was employed for sequencing. One forward (5 -AYTGGGYDTAAAGNG-3 ) and three reverse primers (5 -TACNVGGGTATCTAATCC-3 ,  5 -TACCERGGGTHTCTAATCC-3 and 5 -CTACDSRGGTMTCTAATC-3 ) were used for pyrosequencing at ratio of 12:6:1, as recommended by Sul et al. [9] . The PCR mixture consisted of the following reagents, 5 µL of 10X PCR buffer; 1 µL of dNTP's mix; 0.5 µL FastStart HiFi polymerase (5 U/µL); 2 µL of each forward and reverse primers; genomic DNA (40 ng) and molecular grade water to complete a final volume of 50 µl. The PCR reaction was carried out in the following conditions: 94 • C initializing temperature for 2 min, 30 cycles of 94 • C for 45 s, 57 • C for 45 s and 72 • C for 1 min, followed by a final extension of 72 • C for 4 min. The reactions were run in triplicate and analyzed in a 1.2% agarose gel (1X TAE) at 110 V for 45 min. The amplicons were excised from the gel (bands of~300 bp) using the Qiagen gel extraction Kit; triplicates were combined and purified with the QIAquick Gel Extraction Kit (QIAGEN, Inc., Valencia, CA, USA) and the amplicon extracted was verified by 0.8% agarose gel for 35 min at 85 V. Equimolar concentrations of amplicons from each sample were pooled together and sequenced on a Roche 454 GS Junior system (Roche Applied Science, Indianapolis, IN, USA) at laboratory of the Department of Biology, West Virginia State University, USA.
Sequences were analyzed by QIIME pipeline version 1.7.0 [10] . Multiplexed reads were assigned to the samples based on a specific sequence of 10-bp (barcode). Sequences shorter than 100 bp or longer 1000 bp and with a quality score lower than 25 were removed. De novo OTU picking from quality-filtered reads was based on phylotype threshold of 97% sequence similarity. Reads were aligned using the Phyton Nearest Alignment Space Termination (PyNAST) algorithm [10] against the chimera-checked 16 S rRNA gene database, Greengenes. Taxonomy from the domain-level up to genus-level was assigned to each OTU using the Ribosomal Database Project Classifier algorithm at minimum confidence level of 0.8 [11] .
Diversity Analysis
Alpha diversity metrics were calculated by the package phyloseq of R software [12] using as input the OTU table generated by QIIME. The metrics obtained were: observed species (richness), expected species (Chao1), the Simpson's dominance index and finally the Shannon's equality index. Rarefaction curves were constructed by the package iNEXT of R software [13] . For beta diversity analysis, dissimilarity matrices between samples were calculated in QIIME based on weighted and unweighted UniFrac distances, which were further visualized by Principal Coordinate Analyses (PCoA). UniFrac method allowed the comparison of the microbial communities present in the different sampling points based on their phylogenetic information in order to determine whether these communities were significantly different.
Functional Analyses
The functional role of microbial communities recorded in the biodigester was predicted from 16 S rRNA gene data using Phylogenetic Investigation of Communities by Reconstruction of Unobserved States (PICRUSt) software [14] . PICRUSt uses a computational approach to link the taxonomic assignments based on marker gene data to phylogenetically nearest sequenced reference genomes. PICRUSt compatible OTU table was obtained by closed-reference OTU picking protocol in QIIME against Greengenes (V. 12.2). Due to 16 S rRNA copy number varies among bacteria, OTU table was normalized dividing each OTU by the 16S copy number abundance Normalization of OTU table by copy number was performed dividing each OTU by the 16S copy number abundance. Metagenomic functions were predicted using the Kyoto Encyclopedia of Genes and Genomes (KEGG) databases for annotations, collapsed down to KEGG pathways metadata at level 2 and 3. The final metagenome functional predictions were obtained by the product of each OTU abundance and the abundance of each predicted functional trait.
Nucleotide Sequences Accession Numbers
This Targeted Locus Study project has been deposited at DDBJ/EMBL/GenBank under the accession KBTP00000000. The version described in this paper is the first version, KBTP01000000.
Results
In this study, microbial communities from five different points of a biodigester (see Figure 1 ) were characterized using the 16 S rRNA gene in order to identify the spatial variations of bacterial groups and to relate their metabolic capacity and interactions with the different stages of the anaerobic digestion process.
Bacterial Community Composition
From the total sequences, 41 phyla, 79 classes, 112 orders, 124 families and 137 genera were observed. The most abundant phyla among all the samples were Firmicutes (33.91%), followed by Proteobacteria (21.44%), Latescibacteria (6.82%), Thermotogae (6.83%) and Synergistetes (6.37%). As minor phyla Spirochaetes (3.31%), Hyd24-12 (2.94%), Lentisphaerae (1.93%), Chloroflexi (1.92%), Verrucomicrobia (1.92%) and Acidobacteria (1.90%) were presented. Unclassified bacteria, sequences that could not be assigned to specific phyla, contributed to 5.35% of total samples (see Figure 2 ). The most abundant orders also showed the same pattern in all sampling points of the biodigester. They belonged to Clostridiales (25.40%), followed by Syntrophobacterales (6.89%), Unclassified Latescibacteria (6.73%), Thermotogales (6.71%), Synergistales (6.36%) and Coriobacteriales (3.07%) (see Figure 3 ). In the influent site, Clostridiales (37.23%), Pseudomonales (14.47%) and Aeromonadales (9.74%) and Spirochaetales (9.45%) were the most prevalent orders. Clostridiales (47.67%) also presented a high relative abundance in the beginning and in addition with Coriobacteriales (10.44%) and Synergistales (2.34%), these were the top three orders in this sample. Middle and Final sites repeatedly exhibited a similar community structure being Thermotogales (16.8-15.68%), Syntrophobacterales (16.32-14.28%) and Unclassified Latescibacteria (13.01-12.36%) the dominant orders in these sampling points. Microbial population in the effluent consisted mostly of Clostridiales (29.64%), Synergistales (15.74%) and Z20 (7.61%). Firmicutes (46.28%), Proteobacteria (33.2%) and Spirochaetes (9.47%) were dominant in the influent. Additionally, these phyla were also preeminent in the beginning, differing only in microbial abundance. Nonetheless, microbial communities in these sites variated at lower taxonomic levels. At phylum level, the most remarkable change in the beginning compared to the influent was the decrease of Spirochaetes (3.51%), which not only declined at this site but also at different sampling sites of the biodigester.
Minor differences between microbial communities at the phylum level were also observed between middle and final sampling points. Whereas Proteobacteria (21.09%), Thermotogae (16.80%), Latescibacteria (13.16%) and Hyd24-12 (12.5%) were observed to be the top four phyla in the middle of the biodigester, the most abundant phyla in the final site were Proteobacteria (27.25%), Thermotogae (15.68%), Firmicutes (12.33%) and Latescibacteria (12.51%).
In the effluent site Firmicutes (33.88%), Synergistetes (15.74%), and Proteobacteria (14.22%) where the most abundant phyla. It is important to mention that Synergistetes and Lentisphaerae (8.13%) Processes 2019, 7, 408 5 of 13 abundances were considerably higher in this location in comparison with the other sites of the biodigester, meanwhile, Thermotogae decreased drastically in this site.
The most abundant orders also showed the same pattern in all sampling points of the biodigester. They belonged to Clostridiales (25.40%), followed by Syntrophobacterales (6.89%), Unclassified Latescibacteria (6.73%), Thermotogales (6.71%), Synergistales (6.36%) and Coriobacteriales (3.07%) (see Figure 3 ). In the influent site, Clostridiales (37.23%), Pseudomonales (14.47%) and Aeromonadales (9.74%) and Spirochaetales (9.45%) were the most prevalent orders. Clostridiales (47.67%) also presented a high relative abundance in the beginning and in addition with Coriobacteriales (10.44%) and Synergistales (2.34%), these were the top three orders in this sample. Middle and Final sites repeatedly exhibited a similar community structure being Thermotogales (16.8-15.68%), Syntrophobacterales (16.32-14.28%) and Unclassified Latescibacteria (13.01-12.36%) the dominant orders in these sampling points. Microbial population in the effluent consisted mostly of Clostridiales (29.64%), Synergistales (15.74%) and Z20 (7.61%). The most abundant orders also showed the same pattern in all sampling points of the biodigester. They belonged to Clostridiales (25.40%), followed by Syntrophobacterales (6.89%), Unclassified Latescibacteria (6.73%), Thermotogales (6.71%), Synergistales (6.36%) and Coriobacteriales (3.07%) (see Figure 3 ). In the influent site, Clostridiales (37.23%), Pseudomonales (14.47%) and Aeromonadales (9.74%) and Spirochaetales (9.45%) were the most prevalent orders. Clostridiales (47.67%) also presented a high relative abundance in the beginning and in addition with Coriobacteriales (10.44%) and Synergistales (2.34%), these were the top three orders in this sample. Middle and Final sites repeatedly exhibited a similar community structure being Thermotogales (16.8-15.68%), Syntrophobacterales (16.32-14.28%) and Unclassified Latescibacteria (13.01-12.36%) the dominant orders in these sampling points. Microbial population in the effluent consisted mostly of Clostridiales (29.64%), Synergistales (15.74%) and Z20 (7.61%). 
Alpha Diversity
A total of 20,852 high-quality sequences were obtained with a mean of 4170 sequences per sample. These sequences were clustered into 1445 bacterial operational taxonomic units (OTUs), including 377 singleton OTUs. Rarefaction curves for almost all the samples presented an asymptotic 
A total of 20,852 high-quality sequences were obtained with a mean of 4170 sequences per sample. These sequences were clustered into 1445 bacterial operational taxonomic units (OTUs), including 377 singleton OTUs. Rarefaction curves for almost all the samples presented an asymptotic behavios and the observed OTUs were very similar to the expected OTUs calculated by Chao1 demosntrating the sufficient sampling effort in this study Chao1 (see Figures S1 and S2 in Supplementary Materials).
Overall, the influent sample presented the lowest richness in comparison with the other sampling sites (326 OTUs). Upon introduction from the beginning of the biodigester recorded 549 OTUs, being the site with the highest richness and additionally, the most diverse according to Shannon and Simpson index (see Figure S2 in Supplementary Materials).
Beta Diversity
Beta diversity was calculated to compare the divergence of the sequences among the different sampling points of the biodigester based on UniFrac distances. While weighted UniFrac distance considers the relative abundance of the microbial population, unweighted UniFrac distance is calculated based only in presence/absence [15] . Results of both distances showed similar results (see Figure 4a ,b), indicating that the community structure was similar in the middle and the final as well as in the beginning and the effluent. In addition, the influent had the most distinct microbial composition according to both distances. sampling points of the biodigester based on UniFrac distances. While weighted UniFrac distance considers the relative abundance of the microbial population, unweighted UniFrac distance is calculated based only in presence/absence [15] . Results of both distances showed similar results (see Figure 4a ,b), indicating that the community structure was similar in the middle and the final as well as in the beginning and the effluent. In addition, the influent had the most distinct microbial composition according to both distances. 
Functional Profile of Microbial Communities
The functional profile of microbial communities from all the samples was predicted from 16 S rRNA gene data by using PICRUSt. The most dominant metabolic functions in the biodigester were related to central metabolisms including "Amino Acid Metabolism", "Carbohydrate Metabolism" and "Energy Metabolism" (see Figure 5 and Figure S5 in Supplementary Materials). Carbohydrate metabolism included Amino sugar and nucleotide sugar metabolism, Glycolysis/Gluconeogenesis, Pyruvate metabolism and Citrate Cycle. The most abundant pathways related to amino acid metabolism were "Amino acid related enzymes", "Arginine and proline metabolism" and the "Alanine, aspartate and glutamate metabolism" (see Figures S3 and S4 in Supplementary Materials). It was observed that most of the metabolic functions were less abundant in the influent compared to the other sites of the biodigester. metabolism included Amino sugar and nucleotide sugar metabolism, Glycolysis/Gluconeogenesis, Pyruvate metabolism and Citrate Cycle. The most abundant pathways related to amino acid metabolism were "Amino acid related enzymes", "Arginine and proline metabolism" and the "Alanine, aspartate and glutamate metabolism" (see Figures S3 and S4 in Supplementary Materials). It was observed that most of the metabolic functions were less abundant in the influent compared to the other sites of the biodigester. 
Discussion
Results of this study demonstrated a diverse and complex microbiome in the lagoon type biodigester. The number of OTUs obtained in this study is higher in comparison with other reports on microbial diversity of anaerobic digesters [6] [7] [8] . Further, microbial communities varied among the different sampling sites of the biodigester. This variability could be attributed to the operation of this biodigester which creates a gradient of unique conditions through the sampling points such as substrate availability, redox potential, pH, Volatile Fatty Acids (VFA) concentration, etc. Earlier, Ye and Zhang [16] , also reported variations in bacterial diversity in the different sections of a wastewater treatment plant. Nonetheless, in a study of different sites of a mixed plug-flow-loop reactor (MPFLR) fed with cattle manure, bacterial community was found homogeneous, and could be attributed to the mixing of the contents in the reactor [17] . Whereas no such mixing occurs in the lagoon-type biodigester of this present study, the prevalent environmental gradients resulted in heterogeneous bacterial communities in the biodigester.
The most abundant phyla, Firmicutes, Proteobacteria, Latescibacteria and Thermotogae, also have been reported as dominant in previous studies of biodigesters, albeit Latescibacteria has been described as minor phyla [18] [19] [20] . Firmicutes has been reported earlier in manure-based samples 
The most abundant phyla, Firmicutes, Proteobacteria, Latescibacteria and Thermotogae, also have been reported as dominant in previous studies of biodigesters, albeit Latescibacteria has been described as minor phyla [18] [19] [20] . Firmicutes has been reported earlier in manure-based samples [8, 21] and in several studies of anaerobic digesters [19, [22] [23] [24] [25] . The greater presence of Firmicutes, mainly represented by the cellulolytic and fermentative order Clostridiales, in the influent (37.23%) and beginning sites (47.67%) could be due to the high cellulose content of cattle manure, which because of the design of the reactor was present at high amounts in the first section of the biodigester [26] . This occurrence announces the major role of Clostridiales in the hydrolytic stage of anaerobic digestion process which might be predominantly performed in the influent and the beginning of the biodigester.
Influent site showed the most distinct microbial communities since some groups present in high abundance in this site were almost null in the other sections of the biodigester. These bacterial groups included Pseudomonales (14.47%), Spirochetales (9.45%), Aeromonadales (9.74%), Lactobacillales (4.44%) and Xanthomonadales (2.77%) whose members have been recognized as pathogens for humans [27, 28] . Our results suggest that their presence in the animal manure is normal, but the Processes 2019, 7, 408 8 of 13 environmental conditions of the biodigester are not favorable to their prevalence and proliferation. Thus, AD process can be considered efficient regarding the elimination of pathogens. Lactobacillales predominance in the influent has been previously observed by Li et al. [17] Furthermore, the presence of these facultative bacteria along with Pseudomonales and Xanthomonadales may be explained by the exposure of the animal manure to oxygen at this sampling point. Fu et al. [29] reported that microaerobic conditions improved the abundance of Lactobacillales in laboratory-scale reactors using bioslurry and corn straw as substrate.
Different microbial communities were dominant in the middle and final stage sites compared to the entrance of the biodigester. In these sections, a steady state of the biodigester might be expected due to the presence of simple compounds resulting from the breakdown of the organic matter in the first parts of the biodigester. This led to shared microbial groups between the middle and final segments.
The high abundance of members of Proteobacteria in these locations could be attributed to their capability to perform a great variety of metabolic functions such as sulfate and nitrate co-reduction [30, 31] . However, Proteobacteria decreased drastically in the effluent, which was also observed by Li et al. [17] . The behavior of Proteobacteria across the different points of the biodigester could be assigned as functionally redundant, since despite their abundance diminished through the sampling points of the biodigester, the predicted functional profile of the communities stayed the same.
A high abundance of Latescibacteria was observed in these points, where Thermotogae also was highly recorded. The candidate phylum Latescibacteria has been described as anaerobic fermentative bacteria based on genome in silico analysis [32] . This group has been previously reported in anaerobic digesters fed with rice straw and in slurry samples [33] . Thermotogae have been found in both mesophilic [34] [35] [36] and thermophilic conditions [36] [37] [38] , more so in later conditions. This phylum was mostly represented by Thermotogales (16.8% and 15.68%). This order has been affiliated to perform the syntrophic acetate oxidation in biogas digesters [39] and has been reported in thermophilic digestion of sludge and manure [7] . The high occurrence of thermophilic bacteria in the middle and final parts of the biodigester might suggest an increase in the temperature of the biodigester at these points. The presence of Syntrophobacterales (16.32-14.28%) and Synergistales (9.1-4.46%) at these sites might be a sign of being acetogenic since members of Syntrophobacterales perform the propionate and butyrate oxidation and Synergistales as Thermotogales, carry out the oxidation of acetate, completing the anaerobic degradation [25, 40] .
Relative abundance of Clostridiales was increased at the effluent (29.64%), these microbial groups were defined as resilient since they could recover almost to their original composition in the biodigester, which might be by growth, or by physiological or genetic adaptation [41] .
Unique and shared microbial communities among the different samples is presented in Figure 6 . The number of unique OTUs in each sample varied from 116 (effluent) to 260 (beginning). Six OTUs co-occurred at all the sites of the biodigester and belonged mainly to Clostridiales. The major proportion of Clostridiales order indicated higher hydrolytic and fermentative activity, which could be related to VFA formation. In addition, their activity facilitated the microbial interactions as other trophic groups in biodigesters are dependent upon the metabolites produced. The fact that the beginning sample presented the highest number of unique OTUs and the major diversity based on Shannon and Simpson indices might be attributed to the shift in microbial population from the manure storage to the entry of the biodigester due to the environmental transitions, which could have altered the microbial diversity to adapt to the existing conditions in the biodigester. Li et al. [17] also observed a high diverse bacterial community in the initial parts of the biodigester. This fact was explained by Loreau and Mazancourt [42] who described that communities introduce distinct species to achieve the stability in an ecosystem after disturbance.
It can be observed that middle and final sampling points shared major quantity of OTUs (74 OTUs). These samples also demonstrated a high similarity of bacterial diversity based on the relative abundance of the taxa at distinct levels and by the weighted and unweighted UniFrac PCoA. The final sampling point of the biodigester shared a major quantity of OTUs with the other sampling points, eight OTUs with the influent, 25 OTUs with the beginning, 74 OTUs with the middle and 38 OTUs with the effluent. Although the results of this study indicated that the microbial diversity varied at different stages of the AD process, high sharing of OTUs of the final site with other sites could be related to the presence of non-degraded monomers and intermediary products that are formed during the process and accumulated at the end of the biodigester due to their horizontal flowthrough in the lagoon-type biodigester. Results of the predicted functional profile demonstrated the key pathways that takes place at different sampling sites of the biodigester.
Results of the predicted functional profile demonstrated the key pathways associated with the microbial communities present at different sampling sites of the biodigester. These pathways appeared related to the different stages of the anaerobic digestion process. Hydrolysis stage was represented by "Starch and sucrose metabolism" and by "Galactose", and "Fructose and mannose metabolism" since these monosaccharides are part of a wide variety of polysaccharides, although they also might be playing a role in the fermentation stage as well as "Butanoate metabolism", "Propanoate metabolism", "C5-Branched dibasic acid metabolism" and "Glycolysis". "Butanoate metabolism" and "Propanoate metabolism" might be also associated with acetogenesis stage, specifically in the catabolism of these compounds.
Metabolic properties of the microbial communities differed by location indicated that AD is a dynamic process, and there are points where specific stages of AD can be more active through the The fact that the beginning sample presented the highest number of unique OTUs and the major diversity based on Shannon and Simpson indices might be attributed to the shift in microbial population from the manure storage to the entry of the biodigester due to the environmental transitions, which could have altered the microbial diversity to adapt to the existing conditions in the biodigester. Li et al. [17] also observed a high diverse bacterial community in the initial parts of the biodigester. This fact was explained by Loreau and Mazancourt [42] who described that communities introduce distinct species to achieve the stability in an ecosystem after disturbance.
It can be observed that middle and final sampling points shared major quantity of OTUs (74 OTUs). These samples also demonstrated a high similarity of bacterial diversity based on the relative abundance of the taxa at distinct levels and by the weighted and unweighted UniFrac PCoA. The final sampling point of the biodigester shared a major quantity of OTUs with the other sampling points, eight OTUs with the influent, 25 OTUs with the beginning, 74 OTUs with the middle and 38 OTUs with the effluent. Although the results of this study indicated that the microbial diversity varied at different stages of the AD process, high sharing of OTUs of the final site with other sites could be related to the presence of non-degraded monomers and intermediary products that are formed during the process and accumulated at the end of the biodigester due to their horizontal flow-through in the lagoon-type biodigester. Results of the predicted functional profile demonstrated the key pathways that takes place at different sampling sites of the biodigester.
Metabolic properties of the microbial communities differed by location indicated that AD is a dynamic process, and there are points where specific stages of AD can be more active through the biodigester. Our results revealed the role of the hydrolytic and fermentative metabolism of Firmicutes in the samples collected from influent and beginning. In addition, the diverse metabolism of Proteobacteria, mainly VFAs degradation and hydrogen consumption, was apparent in the middle and final sampling points. Moreover, the carbohydrate metabolism of Synergistetes was noticed in the effluent samples. Nonetheless, the results obtained by PICRUSt analyses showed that there were no differences in the functional profile of the microbial communities among the different points of the biodigester, suggesting that different microorganisms carried out similar functions independently of their location and taxonomy (see Figure 7 ). Gao et al. [23] also reported a similar result in the analysis of different samples of AD sludge.
Processes 2019, 7, x 10 of 13 biodigester. Our results revealed the role of the hydrolytic and fermentative metabolism of Firmicutes in the samples collected from influent and beginning. In addition, the diverse metabolism of Proteobacteria, mainly VFAs degradation and hydrogen consumption, was apparent in the middle and final sampling points. Moreover, the carbohydrate metabolism of Synergistetes was noticed in the effluent samples. Nonetheless, the results obtained by PICRUSt analyses showed that there were no differences in the functional profile of the microbial communities among the different points of the biodigester, suggesting that different microorganisms carried out similar functions independently of their location and taxonomy (see Figure 7 ). Gao et al. [23] also reported a similar result in the analysis of different samples of AD sludge. Distribution of specific taxa shifted in response to heterogenous conditions in order to allow the equilibrium and the success of methane production in the system. This phenomenon was noticed since a core of functional traits was observed through the biodigester. 
Conclusions
The present study demonstrated that the diversity and abundance of bacterial communities varied among the different sampling points of the biodigester and was in accordance with the stages of the anaerobic digestion process. Of the total 1445 OTUs, only six OTUs were found to be shared among all the five sampling points. It was observed that the microbial diversity of the middle and final sampling sites was almost similar, meanwhile, influent was the most distinct point. Although AD is a dynamic process and different metabolic pathways could occur at the same sampling point, the differences in the abundance of microbial groups suggest that the bacterial group were related to specific metabolic process of AD. Conversely, based on the inference of PICRUSt, it can be observed that irrespective of the differences of the bacterial communities among the different sampling points of the biodigester, they maintained similar functions independent of their taxonomy. Microbial populations in this biodigester showed to be in a dynamic fashion maintaining the indispensable syntrophic conditions for methanogenesis to be performed. The findings of this study highlighted the importance of understanding the spatial variations of microbial groups and their interactions to fine tune the operational parameters of lagoon-type biodigester in order to improve their methane Distribution of specific taxa shifted in response to heterogenous conditions in order to allow the equilibrium and the success of methane production in the system. This phenomenon was noticed since a core of functional traits was observed through the biodigester.
The present study demonstrated that the diversity and abundance of bacterial communities varied among the different sampling points of the biodigester and was in accordance with the stages of the anaerobic digestion process. Of the total 1445 OTUs, only six OTUs were found to be shared among all the five sampling points. It was observed that the microbial diversity of the middle and final sampling sites was almost similar, meanwhile, influent was the most distinct point. Although AD is a dynamic process and different metabolic pathways could occur at the same sampling point, the differences in the abundance of microbial groups suggest that the bacterial group were related to specific metabolic process of AD. Conversely, based on the inference of PICRUSt, it can be observed that irrespective of the differences of the bacterial communities among the different sampling points of the biodigester, they maintained similar functions independent of their taxonomy. Microbial populations in this biodigester showed to be in a dynamic fashion maintaining the indispensable syntrophic conditions for methanogenesis to be performed. The findings of this study highlighted the importance of understanding the spatial variations of microbial groups and their interactions to fine tune the operational parameters of lagoon-type biodigester in order to improve their methane production. In addition, quantify relationships between community structure and function might be develop novel strategies to control, optimization and diagnosis of biodigesters in Comarca Lagunera region, in order to take advantage of dairy manures to produce bioenergy in form of methane.
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